Objective. To investigate the impact of neurocognitive functioning on the self-focused processing styles of rumination and reflection, and the relationship to mood symptoms after severe traumatic brain injury (TBI).
Limitations
Rumination and reflection were assessed using a self-report measure which assumes that people with severe TBI are able to reliably report on self-focused processing styles. The direction of associations between self-focused processing, self-awareness, and mood symptoms could not be determined due to the cross-sectional design.
Psychological disorders are common after traumatic brain injury (TBI), with meta-analyses reporting that 27-38% of individuals experience depression (Osborn, Mathias, & Fairweather-Schmidt, 2014 ) and approximately 37% experience anxiety (Osborn, Mathias, & Fairweather-Schmidt, 2016) . Although premorbid psychological dysfunction is a key risk factor (Bombardier et al., 2010; Gould, Ponsford, Johnston, & Sch€ onberger, 2011) , depression and anxiety potentially arise from an interplay of biological, psychological, and social factors (Ownsworth et al., 2011) . The complex aetiological pathways make it challenging to determine optimal approaches to psychological management. To improve conceptualization of factors influencing psychological distress after severe TBI, this study aimed to investigate the impact of neurocognitive functioning on self-focused processing and the relationship to mood symptoms. Biopsychosocial perspectives are often used in clinical practice to guide formulation and management of psychological distress after TBI (Gracey, Longworth, & Psaila, 2015; Ownsworth, 2014) . Such perspectives recognize that a pre-injury history of psychological disorders can increase individuals' vulnerability to developing psychological distress (Gould et al., 2011) . However, pre-morbid psychological history has only been found to account for about one third of psychological disorders after TBI (Whelan-Goodinson, Ponsford, Johnston, & Grant, 2009 ). Damage to the fronto-limbic region has also been linked to increased risk of psychological disorders in some studies (e.g., Jorge et al., 2004; Maller et al., 2010) , although not others (Koponen et al., 2006) . Early-onset psychological disorders (i.e., occurring within weeks of the injury) are considered more likely to result directly from neurological damage than disorders with a delayed onset (i.e., several months or years post-injury) (Gomez, Skilbeck, Thomas, & Slatyer, 2017) .
Psychosocial accounts conceptualize the development of psychological distress after TBI as a reaction to changes in personal abilities and life circumstances, whereby stressful events (e.g., loss of employment, relationship breakdown) trigger comparisons between one's pre-injury and post-injury functioning (Ownsworth et al., 2011) . Individuals who perceive greater changes to their functioning and employ maladaptive coping strategies are at greater risk of psychological distress (Anson & Ponsford, 2006; Ownsworth et al., 2011; Wallace & Bogner, 2000) . However, self-appraisals and coping reactions are likely to be influenced by neurocognitive functioning.
Severe TBI typically damages the prefrontal and limbic regions and impairs higher order functions such as self-reflective capacity and emotion regulation (Stuss, 2007) ; . Damage to the prefrontal cortex is theorized to produce more emotion-driven or threat-based responses due to disruption of top-down control processes that support cognitive reappraisal (Etkin, Egner, & Kalisch, 2011) . Injuries involving these regions typically result in impairments in self-awareness, working memory, inhibition, and cognitive flexibility which may comprise people's ability to engage in self-reflection, control impulses, and reappraise emotional events (Ham et al., 2013; Krpan, Levine, Stuss, & Dawson, 2007) .
Anxiety and depressive disorders have long been attributed to maladaptive attempts to regulate negative emotions (Campbell-Sills & Barlow, 2007) . Rumination and reflection are forms of self-focused processing employed to cope with stress or solve problems (Nolen-Hoeksema, 2004; Trapnell & Campbell, 1999) . Rumination refers to repetitive and negative thoughts motivated by perceived threats, losses, or injustices to the self (Trapnell & Campbell, 1999) . Individuals engage in repetitive thinking to solve problems or analyse discrepancies between one's current and desired status (Fawcett et al., 2015; Papageorgiou & Wells, 2001 ). When such self-talk develops into a perpetuating cycle without resolution, this can lead to depression and anxiety (Nolen-Hoeksema, 2000) .
Distinct from rumination, reflection is motivated by curiosity or interest in the self and is associated with openness to experience (Takano & Tanno, 2009 ). Theoretically, reflection promotes self-knowledge and enhances mental health (Joormann, Dkane, & Gotlib, 2006) . Although found to be related to increased perspective taking and empathy (Teasdale & Green, 2004) , positive associations between reflection and mental health have not consistently been reported (Trapnell & Campbell, 1999) . Takano and Tanno (2009) identified that people high on rumination tended to have reflective processing styles. Hence, the adaptive effects of reflection on mental health may be offset by the maladaptive effect of rumination 'because reflectors are likely to ruminate and reflect simultaneously ' (p. 260) .
Consistent with this view, Joormann et al. (2006) suggested that reflection is adaptive in the absence of the ruminative component, and they proposed that attempts to reflect upon and understand one's problems can turn into negative perpetuating thoughts when individuals are not successful at problem-solving or resolving self-discrepancies. This is pertinent in the context of TBI in which individuals are confronted with major changes to their abilities and lifestyle. Coping styles related to rumination such as wishful thinking and self-blame have been found to be associated with psychological distress after TBI (Anson & Ponsford, 2006; Curran, Ponsford, & Crowe, 2000) . Yet, efforts to reflect upon and make sense of post-injury changes after TBI are considered adaptive for developing a realistic and positive self-identity (Ownsworth, 2014) . Therefore, reflection without ruminative tendencies is expected to be associated with fewer mood symptoms.
Although the tendency to ruminate and reflect has been attributed to dispositional characteristics such as neuroticism and openness (Trapnell & Campbell, 1999) , selffocused processing styles are potentially altered by neurocognitive impairments after TBI. Guided by broader theoretical and empirical literature on damage to the prefrontal cortex (Etkin et al., 2011; Stuss, 2007) and self-reflective processes (Fawcett et al., 2015) , two theoretical perspectives on the impact of neurocognitive functioning on self-focused processing after TBI are proposed in Figure 1 . First, a reduced cognitive reappraisal perspective contends that poorer neurocognitive functioning increases rumination and decreases reflection due to loss of top-down control over limbic regions that mediate emotion regulation processes such as cognitive reappraisal (Etkin et al., 2011; Stuss, 2007) . Impairments in executive function have been found to be related to maladaptive coping strategies (e.g., self-blame and avoidance) and emotion dysregulation (Krpan et al., 2007; Rochat, Ammann, Mayer, Annoni, & Linden, 2009 ), which in turn are associated with mood symptoms (Curran et al., 2000; Shields, Ownsworth, O'Donovan, & Fleming, 2016) . Further, Spitz, Sch€ onberger, and Ponsford (2013) reported that poorer attention, memory, and executive functioning were related to higher depression and anxiety after TBI. However, the relationships between neuropsychological function, rumination, reflection, and mood after TBI have yet to be investigated.
Alternatively, a depletion of cognitive resources perspective (Figure 1 ) considers the demands placed on the cognitive system by self-focused processing, which has been conceptualized as a metacognitive strategy (Fawcett et al., 2015) . Individuals with poorer neurocognitive functioning after TBI potentially have fewer cognitive resources to hold in mind and to dwell or reflect upon everyday situations in order to analyse their significance. In general support of this view, Beadle, Ownsworth, Fleming, and Shum (2017) found that individuals with poorer memory, executive function, and self-awareness were less likely to experience self-discrepancy, or make unfavourable comparisons between their preinjury and post-injury selves after TBI. Neurocognitive impairments were proposed to interfere with self-reflective processes that elicit discrepancies between one's pre-injury and post-injury selves. Although rumination and reflection were not examined, it is plausible to infer from these findings that more severe neurocognitive impairments reduce the tendency for self-focussed processing. In this theoretical account, the impact of neurocognitive impairments on mood is less straightforward; however, due to less rumination, it is expected that poorer neurocognitive function would be related to fewer mood symptoms.
The first aim of this study was to compare self-focused processing styles and mood symptoms in individuals with severe TBI and age-and gender-matched controls. Based on the reduced cognitive reappraisal perspective, it was hypothesized that the TBI sample would report significantly higher rumination, lower reflection, and greater mood symptoms than controls. The second aim was to determine whether reflection in the absence of rumination is associated with better mental health after TBI. It was hypothesized that individuals high on reflection but low on rumination would report significantly fewer mood symptoms than those high on both reflection and rumination. The third aim was to investigate the associations between neurocognitive function, selffocused processing styles, and mood symptoms, in accordance with the perspectives outlined in Figure 1 .
Method
Participants Participants with severe TBI were recruited from outpatient and community brain injury rehabilitation services as part of a rehabilitation trial (reference suppressed for blind review). They were eligible for this study if they were aged 18-70 years and had sustained a severe TBI, as determined by post-traumatic amnesia (>24 hours) and/or Glasgow Coma Scale score (<9/15). Individuals were excluded if they lacked the cognitive capacity to provide informed consent or displayed severe behavioural, sensory/perceptual, and language impairments or a psychiatric condition that would preclude them from completing cognitive tests and questionnaires. Fifty-two participants were eligible and consented to participate (see Results). The non-injured control sample comprised 50 volunteers recruited through the researchers' social networks using email and social media advertisements. They were eligible for the study if they were aged 18-70 years and had no history of a neurological condition or current psychiatric disorder. Some control participants reported a past history of depression or anxiety; they were not excluded on this basis.
Measures
Reflection and rumination questionnaire The Reflection and rumination questionnaire (RRQ) (Trapnell & Campbell, 1999 ) is a 24-item scale with items rated on a 5-point scale (1 = strongly disagree; 5 = strongly agree). Twelve items assess rumination (e.g., 'Often I'm playing back over in my mind how I acted in a past situation'), and 12 assess reflection (e.g., 'I'm very self-inquisitive by nature'). Total scores for each subscale were divided by 12 to obtain an average item score. Research in the general population supports the reliability and validity of the RRQ (Trapnell & Campbell, 1999) , and internal consistency was good for the TBI and control samples (a = .86-.95).
Depression, anxiety, and stress scales-21
The Depression, anxiety, and stress scales-21 (DASS-21) (Lovibond & Lovibond, 1995 ) is a self-report measure of symptoms of depression, anxiety, and stress. Based on the original 42-item version, the DASS-21 contains three, 7-item subscales. Participants rate on a 4-point Likert scale the extent to which each item has applied to them over the past week (0 = did not apply to me at all; 3 = applied to me very much, or most of the time). Item scores were summed and doubled to create a total scale score (range = 0-42). The DASS-21 has good reliability and evidence of validity for the TBI population (Dahm, Wong, & Ponsford, 2013; Ownsworth, Little, Turner, Hawkes, & Shum, 2008) . Internal consistency was good for the TBI and control samples (a = .87-.94).
Hopkins verbal learning test-revised
The Hopkins verbal learning test-revised (HVLT-R) (Benedict, Schretlen, Groninger, & Brandt, 1998 ) is a standardized measure of immediate verbal learning and delayed recall. A list of 12 semantically related words is read aloud and repeated twice (3 trials), and participants are asked to recall the list immediately after each trial. After a 20-to 25-minute delay, they are asked to recall the list from memory. The HVLT-R has demonstrated good test-retest reliability and validity for the TBI population (Strauss, Sherman, & Spreen, 2006) . For the current study, age-adjusted Z-scores were derived based on norms for immediate recall and delayed recall.
Digit span
Digit Span is a measure of auditory attention and working memory. Digits Forward and Backward were administered from the Wechsler Adult Intelligence Scale -Third Edition (Wechsler, 1997) . In Digits Forward, participants repeat a series of numbers in the exact order. Conversely, in Digits Backward participants repeat the number sequence in reverse order. A scaled score (1-20) based on age norms was calculated.
Trail making test
The Trail making test (TMT) (Army Individual Test Battery, 1944 ) is a measure of processing speed and attention switching. It is a timed pencil-and-paper test with two parts: The first (TMT A) measures processing speed and visual attention, and the second (TMT B) measures cognitive flexibility (Strauss et al., 2006) . Participants sequentially join numbers (TMT A) and switch between numbers/letters sequentially/alphabetically (TMT B) as quickly as possible. Both TMT A and B have been found to be sensitive to TBI (Strauss et al., 2006) . The seconds taken on each part were converted to Z-scores based on the TMT norms (Strauss et al., 2006) , with higher scores reflecting better performance.
Modified stroop test
The Modified stroop test (MST) (Strauss et al., 2006 ) is a measure of selective attention, set shifting, and inhibitory control. It involves three trials: Trial 1 (control task): colour naming; Trial 2: colour ink naming of words; and Trial 3 (interference task) is colour naming when the words are printed in non-matching ink colour. Participants name the colours as quickly as possible without making mistakes. The MST has shown acceptable reliability and validity for individuals with TBI (Strauss et al., 2006) . In this study, the time taken on the interference task (seconds) was utilized as an index of inhibitory control. This score was converted to an age-adjusted Z-score (Strauss et al., 2006) .
Controlled oral word association test
The Controlled oral word association test (COWAT) (Benton, Hamsher, & Sivan, 1989 ) is a test of phonemic verbal fluency and cognitive flexibility. It requires the rapid generation of words in response to a letter cue. Three 60-second trials are given for three letters (F.A.S.). Reliability and validity of the COWAT have been supported in TBI research (Henry & Crawford, 2004; Strauss et al., 2006) . The total correct words was summed over three trials and converted to a Z-score based on age and education norms.
Awareness questionnaire
The Awareness questionnaire (AQ) is a 17-item scale designed to assess self-awareness across physical, cognitive, and behavioural domains (Sherer, 2004) . Self-ratings on the AQ compare participants' post-injury abilities to their pre-injury functioning (i.e., 1 = much worse, 3 = about the same, 5 = much better), with higher total scores (17-85), indicating better post-injury functioning. A family caregiver rated the individual's level of functioning on the same items. Self-awareness is inferred from the discrepancy between the total scores. Higher negative discrepancy scores (caregiver minus participant ratings) indicate more impaired self-awareness. The AQ has demonstrated sound reliability and validity for individuals with TBI (Sherer, 2004) . In this study, internal consistency was good for self-ratings and caregiver ratings (a = .88-.90).
Procedure Following hospital and university ethical clearance and consent procedures, TBI participants were administered the questionnaires and neuropsychological tests in a uniform order. The questionnaires were completed independently or read aloud by the researcher, depending on participants' preference. Controls completed a demographic and health background survey, DASS-21, and RRQ using an online platform (www.lime survey.org/survey).
Results

Data analysis
Data were analysed using the Statistical Package for the Social Sciences, version 18. Screening for missing values revealed no missing data. Relevant assumptions for parametric analyses were examined with transformations conducted as necessary. Chisquare test and independent t-tests were used to examine matching on demographic variables, followed by one-way ANCOVA (controlling for education) to compare rumination, reflection, and mood symptoms between the TBI and control groups. To determine whether reflection without ruminative tendencies is associated with fewer mood symptoms, a subgroup analysis was conducted with TBI participants classified according to normative data for the RRQ (Trapnell & Campbell, 1999) . For reflection, participants with scores ≤1 SD below the mean (i.e., ≤2.38) were allocated to the low reflection group (these individuals were excluded from analysis for this aim). Remaining participants with scores >2.38 (i.e., within 1 SD of the mean or higher) were allocated to the average-high reflection group. For rumination, participants with scores ≤1 SD below the mean (i.e., ≤2.75) were allocated to the low rumination group. Participants with scores >2.75 (i.e., within 1 SD of the mean or higher) were allocated to the average-high rumination group. Due to the directional hypotheses for aims 1 and 2, analyses were examined using p < .05. Effect sizes were interpreted as follows: small: d = 0.20/partial g 2 = .01; medium: d = 0.50/partial g 2 = .06; large: d = 0.80/partial g 2 = .14 (Cohen, 1988) .
Associations between neurocognitive functioning (e.g., attention, memory, executive function, and self-awareness), rumination, reflection, and mood symptoms were assessed using Pearson's correlation. A more conservative alpha (p < .01) was adopted to reduce the risk of type I error. Based on the significant correlations, hierarchical regressions were conducted to examine the relative contribution of neurocognitive factors to self-focused processing.
Demographic and descriptive data
The mean age of the TBI sample was 36.56 years (SD = 12.39, range: 18-63), and 75% were male (see Table 1 ). All had sustained a severe TBI as determined by the Glasgow Coma Scale (M = 5.19, SD = 3.03) and/or post-traumatic amnesia (M = 67.21 days, SD = 55.95). Causes of TBI included traffic accident (59.5%), fall (25%), assault (11.5%), sporting injury (2%), and object collision (2%). The average time since injury was 32.25 months (SD = 39.3, range = 2-160). Post-injury work status included the following: full-time (4%), part-time (6%), student (4%), and unemployed (86%). Eighteen (34.6%) TBI participants reported a premorbid psychiatric history, including 10 (19.2%) for substance abuse.
The mean age of non-injured controls was 39.22 years (SD = 13.33, range: 23-69), and 70% were male. Most controls were in full-time work (68%) and/or study (24%). Seven (14%) reported a past history of anxiety or depression. There was no significant betweengroup differences in age, t(100) = À1.04, p = .299, or gender, v 2 (1, N = 102) = 0.32, p = .572. However, controls had significantly more years of education (M = 16.61, SD = 3.05) than the TBI group (M = 12.88, SD = 2.41), t(100) = À6.86, p < .001. As shown in Table 1 , a significantly higher proportion of TBI participants met the clinical cutoff for depression, anxiety, and stress (25-38%) as compared to controls (4-18%).
Education was significantly and positively associated with reflection (r = .31, p < .01), but not rumination or mood (r = .03-.13). Given the finding that controls had a significantly higher level of education than TBI participants, education was a covariate in all between-group comparisons. Relative to controls, TBI participants had significantly higher levels of depression, F(1, 99) = 8.44, p = .005, partial g 2 = .08; anxiety, F(1, 99) = 4.22, p = .04, partial g 2 = .04; and stress, F(1, 99) = 7.29, p = .008, partial g 2 = .07. There were no significant between-group differences for rumination, F(1, 99) = 0.26, p = .61, partial g 2 = .003; or reflection, F(1, 99) = 0.221, p = .639, partial g 2 = .002.
Subgroup analysis of reflection and rumination
For TBI participants, there were no significant differences in mood symptoms according to demographic, injury-related characteristics, work status, or premorbid psychological history (p > .05). Forty-four participants (85%) reported average-high reflection based on the RRQ norms. Of these, 24 were classified as average-high on rumination and 20 were classified as low on rumination. As shown in Table 2 , there were significant differences between these groups for depression, t(42) = À4.12, p < .001, d = 1.25; anxiety, t(42) = À3.08, p = .004, d = 0.93; and stress, t(42) = 2.59, p < .001, d = 1.38. Participants with average-high reflection and low rumination reported significantly lower mood symptoms than those with average-high levels of both reflection and rumination. Associations between neurocognitive functioning, self-focused processing, and mood Descriptive statistics and correlations between neurocognitive functioning, rumination, reflection, and mood symptoms are presented in Table 3 . There were significant positive associations of moderate effect size between immediate and delayed verbal memory (HVLT-R), working memory (Digit Span), and rumination and reflection (r = .36-.44, p < .01). No significant associations were found between measures of visual attention, cognitive flexibility and interference control (TMT A & TMT B, MST), and rumination or reflection. Verbal fluency on the COWAT (r = .36, p < .01) and self-awareness on the AQ were significantly and positively associated with rumination (r = .45, p < .001), but not reflection. Greater mood symptoms were significantly related to increased self-awareness (r = .41-.46, p < .01), but not measures of attention, memory, and executive function (r = .02-.26, p > .01). There were significant positive associations between rumination and depression (r = .64, p < .001), anxiety (r = .49, p < .001), and stress (r = .70, p < .001), with medium to large effect sizes. Reflection was not significantly related to mood symptoms (p > .01). There was a significant positive association between rumination and reflection with a medium effect size (r = .38, p < .01). Hierarchical regressions were conducted to examine the relative contribution of neurocognitive factors to self-focused processing. There was no significant association between premorbid psychological history, injury characteristics (PTA, GCS, time since injury), and self-focused processing. However, females were more likely to ruminate than males (t = 2.15, p < .05), and education was positively associated with reflection (r = .28, p < .05). Due to the high correlations (r > .70) between the memory indices, only Digit Span and HVLT delayed were included in the regression.
For rumination, gender significantly accounted for 8.4% of the variance in step 1 (F = 4.61, p = .037). The neurocognitive variables (Digit Span, HVLT delayed memory, verbal fluency, and self-awareness) explained a further 23.3% of the variance in step 2 (R 2 = .31, F ch = 3.71, p = .011). Self-awareness accounted for significant unique variance in rumination (b = .36, t = 2.64, p = .011, sr 2 = .10). For reflection, education significantly accounted for 9.2% of the variance in step 1 (F = 4.95, p = .031). The memory indices (Digit Span, HVLT delayed) explained a further 16% of the variance in step 2 (R 2 = .25, F ch = 4.82, p = .012), with neither contributing significant unique variance (sr 2 = .03).
Discussion
This study broadly aimed to understand the impact of severe TBI and associated neurocognitive impairments on self-focused processing and mood symptoms. Despite reporting more mood symptoms, the self-focused processing styles of individuals with severe TBI did not differ from non-injured controls. Individuals with TBI who were able to engage in self-reflection without negative recurrent self-talk had fewer mood symptoms The AQ discrepancy score was calculated by subtracting the total AQ score for the TBI participant from the total AQ caregiver score (negative discrepancy scores reflect underreporting of problems). M = the mean discrepancy score.
*p < .01; **p < .001; two-tailed.
than those who mainly engaged in negative recurrent thinking. There was some support for the depletion of cognitive resources perspective whereby poorer memory, verbal fluency, and self-awareness were related to lower ruminative tendencies. Consistent with both perspectives outlined in Figure 1 , poorer memory was also associated with less selfreflection. Overall, individuals with greater self-awareness and negative recurrent self-talk were found to be at increased risk of mental health problems following severe TBI. The finding that individuals with TBI reported greater mood symptoms than noninjured controls is consistent with other studies indicating that people with TBI are at heightened risk of psychological distress (Bombardier et al., 2010; Jorge et al., 2004; Ownsworth et al., 2011) . However, TBI participants did not differ from controls on selffocused processing styles. It is possible that, due to impaired self-awareness, some TBI participants had reduced insight into their thought patterns. Although the good internal consistency of the RRQ in the current sample (a = .86-.95) supported the suitability of its use, the RRQ may not be a valid measure of rumination and reflection after TBI. In particular, the measure refers to abstract concepts (e.g., introspective, philosophical) and literacy requirements are quite high. The greater mood symptoms in the TBI sample may be attributed to many factors, including premorbid vulnerability (psychological history), neuropathology (e.g., fronto-limbic damage), and the enduring psychosocial consequences of the TBI, such as reliance on others, relationship strain, and inability to return to pre-injury roles (Ownsworth et al., 2011) .
Levels of rumination and reflection were found to be positively related for the TBI sample; however, only rumination was significantly associated with mood symptoms. A subgroup analysis identified that the tendency to self-reflect without negative recurrent self-talk was associated with lower mood symptoms. Consistent with the general literature (e.g., Joormann et al., 2006; Takano & Tanno, 2009 ), self-focused processing appears to be beneficial for mental health if it is centred on problem-solving or efforts to find meaning in one's life situation. However, attempts to reflect upon and understand one's problems that turn into negative perpetuating thoughts may contribute to greater mood symptoms.
The current findings support the perspective that poorer neurocognitive function reduces individuals' capacity for self-focused processing or to hold in mind and dwell upon everyday situations. Those with poorer memory and verbal fluency may be less likely to recall recent negative life experiences (e.g., errors and critical feedback) and to keep these in mind through internal dialogue with the self (Ownsworth, 2014) . Although this may seem beneficial, due to the finding that lower rumination was related to fewer mood symptoms, individuals with poorer neurocognitive function are also less likely to update their self-knowledge as needed to form a realistic self-view and achievable goals . Consequently, they may be less likely to succeed with goals (e.g., return to driving or work) and struggle to understand the reason for this, which in turn places them at risk of psychological distress (Ownsworth, Turpin, Andrew, & Fleming, 2008) . Contrary to the present findings, Spitz et al. (2013) found that individuals with poorer neurocognitive function after TBI were more likely to report depression and anxiety symptoms, although there was no mediating effect of coping style. Methodological differences, such as their larger sample size (n = 97), mixed TBI severity, and more recent injuries (chronicity = 5-53 months), may account for these varied results.
In the current study, individuals with more accurate self-awareness were more likely to ruminate and experience mood symptoms. It is possible that greater recognition of postinjury changes stimulates recurrent negative thoughts about loss of abilities and opportunities in life, which in turn contribute to mood symptoms. Alternatively, individuals with a pre-existing tendency to ruminate (i.e., dispositional ruminative selffocus) may be more likely to develop greater self-awareness following TBI due to attentional bias and accessibility of memories for situations in which their injury-related impairments are salient (Teasdale & Green, 2004) .
Several limitations of the current study are important to acknowledge. A convenience sampling method was used to recruit control participants, who were more highly educated than TBI participants. A more representative sampling approach with matching on education and psychological history would have been optimal. With regard to the TBI sample, there was considerable variability in time since injury (2-160 months), which may have influenced neurocognitive recovery and perceived functioning. The AQ requires individuals to reflect on their pre-injury functioning; thus, individuals with longer time since injury may have found it more difficult to recall their previous functioning. Potentially related to self-perceptions, data concerning past or current psychotherapy or neuropsychological rehabilitation were not collected. Further, the modest sample size precluded the use of more sophisticated statistical analyses such as moderated regression or structural equation modelling (see Takano & Tanno, 2009) , to determine whether ruminative tendencies counteract the adaptive effect of reflection on mood symptoms for individuals with TBI.
In terms of measures, the RRQ has not been validated for use with the TBI population and it is possible that data interpretation was confounded by literacy issues, poor selfawareness, or underreporting of ruminative tendencies. Behavioural-based methods such as a sentence completion task (Shields et al., 2016) combined with the RRQ may have utility in future research. Further, tests that are more sensitive to the effects of TBI on executive function, such as the Wisconsin Card Sorting Test, are recommended in future research on self-focused processing.
Due to the cross-sectional design, the direction of associations between variables cannot be determined. Some relationships may be reciprocal or mutually enhancing; for example, a premorbid ruminative processing style may contribute to greater selfawareness after TBI, which in turn perpetuates negative repetitive thinking. Longitudinal research with a large sample (e.g., n > 100) of individuals in the early phase of adjustment after TBI is recommended to test questions stimulated by the present findings, such as: Does memory function moderate the relationship between premorbid self-focused processing style and mood symptoms? Does rumination mediate the relationship between self-awareness and mood symptoms?
Clinically, these findings highlight that individuals with greater self-awareness and ruminative tendencies are at increased risk of mental health problems following severe TBI. Self-awareness is usually considered adaptive to support people to develop realistic goals and compensatory strategies (Ownsworth, 2014) . Theoretically, such individuals are good candidates for psychotherapy because they are likely to have self-reflective capacity and be motivated to learn strategies. However, heightened self-awareness of, and excessive focus on post-injury changes, can contribute to maladaptive coping (e.g., avoidance) and chronic difficulties in regulating thoughts and reactions (Shields et al., 2016) .
There is growing evidence to support the efficacy of cognitive behaviour therapy (CBT) adapted for people with TBI, including 'third-wave' therapies such as mindfulness-based interventions (Azulay, Smart, Mott, & Cicerone, 2013; B edard et al., 2014; Hsieh et al., 2012; Ponsford et al., 2016) . However, Hsieh et al. (2012) found that individuals with more severe TBI and poorer memory were less likely to benefit from CBT for anxiety. Although the structured approach to CBT is generally viewed as beneficial, the learning and application of cognitive techniques rely on functions that are often impaired following TBI such as language, memory, and executive functions. Therefore, integration of psychotherapy with cognitive rehabilitation is strongly advocated (Ownsworth & Gracey, 2017) , although there are currently only a few studies that have examined the efficacy of this combined approach for reducing mood symptoms (Dewar & Gracey, 2007; Tiersky et al., 2005) . Promisingly, technological devices to support memory and executive functions (e.g., paging systems, smartphones, and wearable cameras) have been effectively used to enhance people's recall of their therapy goals and ability to apply strategies outside of therapy (Brindley, Bateman, & Gracey, 2011; Culley & Evans, 2010) . Controlled evaluation of integrated psychotherapy and cognitive rehabilitation approaches for management of mood symptoms after TBI is recommended for future research.
Conclusion
This study advances understanding of neurocognitive functions related to self-focused processing and associations with mental health after severe TBI. Individuals with TBI reported more mood symptoms than non-injured controls, but did not differ on selffocused processing styles. Reflection without ruminative tendencies was associated with lower mood symptoms. Poorer memory was found to be related to lower levels of selffocused processing, which supported a cognitive resource depletion perspective. Overall, the findings highlight the need for interventions to support individuals with greater self-awareness and ruminative tendencies to manage mood symptoms.
